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The EMA view 

Medicinal products derived from biotechnology 

include those produced by the following biotechnological processes: 

• recombinant DNA technology; 

• monoclonal antibody methods; 

• controlled expression of genes coding for biologically active proteins in 

prokaryotes and eukariotes 

The FDA view 

“Any virus, therapeutic serum, toxin, antitoxin, vaccine, blood, blood 

component or derivative, allergenic product, or analogous product, applicable 

to the prevention, treatment, or cure of a disease or condition of human 

beings.” 

The process is the product 

Biotech Therapeutics – from theory…  
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Recombinant proteins 

Hormones and derivatives 

Interferon and cytokines 

Factors that influence hematopoietic cells and blood 

coagulation 

Enzymes and derivatives 

Recombinant proteins for vaccines 

Monoclonal antibodies 

Oligonucleotides and vectors for gene therapy 

Biotech Therapeutics – …to practice 
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Biotech Therapeutics vs small molecules 

Alteplase – rhtPA    MW:  75.000 D 

MW:  180 D 

https://www.google.it/imgres?imgurl=https://cdn.rcsb.org/images/rutgers/jk/2jk0/2jk0.pdb1-500.jpg&imgrefurl=http://www.rcsb.org/pdb/explore.do?structureId=2jk0&docid=lW92E2Dj40Fh3M&tbnid=FFMiQDvw5nHqkM:&vet=1&w=500&h=500&bih=497&biw=1093&ved=0ahUKEwiB7svM65LXAhURLFAKHVlSBwAQxiAIGygG&iact=c&ictx=1
https://www.google.it/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjlkcXq65LXAhXJh7QKHaFaD-8QjRwIBw&url=https://www.colourbox.com/vector/structural-chemical-formula-of-acetylsalicylic-acid-aspirin-vector-9923282&psig=AOvVaw2nId09mCZW5p12xrc6NiTs&ust=1509263771120803
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Biotech Therapeutics – expression systems 
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Biotech Therapeutics – expression systems 
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Biotech Therapeutics vs small molecules 
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Biotech Therapeutics vs small molecules 
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Lipitor 

Nexium 

Seretide 

Plavix 

Norvasc 

Aranesp 

Zyprexa 

Risperdal 

Enbrel 

Effexor 

Atorvastatin 

Esomeprazole 

Fluticasone 

Clopidogrel 

Amlodipine 

Darbepoetin 

Olanzapine 

Risperidone 

Etanercept 

Venlafaxine 

High Cholesterol 

Gastric Ulcer 

Asthma 

Thrombosis 

High Blood Pressure 

Anemia 

Psychosis 

Psychosis 

Rheumatoid Arthritis 

Depression 

13.6 

  6.7 

  6.3 

  5.8 

  5.0 

  5.0 

  4.7 

  4.6 

  4.5 

  4.0 

Sales 
($ bil) 

World’s Top-selling Drugs 2006 
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Humira 

Enbrel 

Remicade 

Advair/Seretide 

Lantus 

MabThera/Rituxan 

Avastin 

Herceptin 

Crestor 

Abilify 

Adalimumab 

Etanercept 

Infliximab 

Fluticasone 

Insulin 

Rituximab 

Bevacizumab 

Trastuzumab 

Rosuvastatin 

Aripiprazolo 

Rheumatoid Arthritis 

Rheumatoid Arthritis 

Rheumatoid Arthritis 

Asthma 

Diabetes 

Cancer 

Cancer 

Cancer  

High Cholesterol 

Mental disorders 

11.2 

  8.8 

  8.4 

  8.3 

  7.6 

  7.5 

  6.7 

  6.6 

  6.0 

  5.5 

Sales 
($ bil) 

World’s Top-selling Drugs 2013 
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First Biotech Therapeutic 

Why a recombinant insulin?  Supply, safety 
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First Biotech Therapeutic 
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Five months!!!! 

First Biotech Therapeutic 
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“One opponent of the technology 

actually had a paper published in a 

reputable journal suggesting that 

children living in the area around a 

Lilly production facility might 

become infected with Escherichia 

coli producing insulin and die of 

hypoglycaemia.”  

 

First Biotech Therapeutic 

Nature Reviews Drug Discovery 2:747, 2003 
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Recombinant Human Insulin 

Biotech Therapeutics – FDA approved  
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Enzyme Replacement Therapy 
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mAbs Evolution 
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Serum therapy used 
as treatment 
against diphtheria 
and tetanus 

 Side-chain theory 
predicted substances, 
which are today 
called antibodies 

 First idea of a "magic 
bullet"  

Discovery of the 
chemical 

structure of 
antibodies 

Development of 
hybridoma 
technology 

Production of the 
1st monoclonal 

antibody 

> 25 Ab-based therapies 
approved in the EU 

~ 500 in development 

1972 

César Milstein Emil Adolf von Behring  Gerald Edelman Rodney Porter Paul Ehrlich Georges Köhler 
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Anti TNF-a in rheumatoid arthritis 
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Evolocumab 140mg Q2W Placebo Q2W 

Primary hypercholesterolaemia or  

mixed dyslipidaemia 

High-intensity statin1 

(atorvastatin 80mg) 

Statin + 

ezetimibe2  

Moderate-intensity  

statin1  

(simvastatin 40mg)  

Familial  
hypercholesterolemia 

Evolocumab and cardiovascular prevention 
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Evolocumab and cardiovascular prevention 

https://www.google.it/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjFoIyuypPXAhUBIlAKHTAmB9IQjRwIBw&url=https://www.slideshare.net/SaraTemkit/evolocumab-pcsk9-inhibitor&psig=AOvVaw2L-_4-H8nyiveIMVgkAYqY&ust=1509289144897114
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Milestones in Cancer Therapy 
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Trastuzumab 

• Trastuzumab 

– therapeutic humanised monoclonal 

antibody specifically designed to 

target HER2 

– active in HER2-positive breast cancer 

patients  

• HER2 positivity is the criterion to select 

patients for Trastuzumab therapy 

– strong overexpression of the HER2 

protein on the cell surface 

– HER2 gene amplification 

https://www.google.it/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=&url=https://commons.wikimedia.org/wiki/File:Trastuzumab-HER2_complex_1N8Z.png&psig=AOvVaw3nQXSHeQOePa1rkhKNZpWG&ust=1509293949629757
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Trastuzumab in HER2+ Breast Cancer 

NEJM 353:1673,2005 
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Gene  therapy 

Current Opinion in Lipidology. 23(4):310-320, August 2012. 
Current Opinion in Lipidology. 23(4):310-320, August 2012. 

Alipogene tiparvovec 

 

July 2012 - EMA approved the 

first gene therapy 

 

Cost:  €1.000.000 

Only 1 patient treated  

 

August 2017: decision to not 

apply for the license to be 

renewed at expiration (25 October 

2017) 
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Gene  therapy 

May 2016 - EMA approval for Strimvelis, an ex-vivo stem cell gene 

therapy for a very rare disease called ADA-SCID 

Cost: €594,000 
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Advanced  Therapy Medicinal Products 

Product Company Therapeutic area Active substance 

2016 Strimveli

s 

GSK- 

(Telethon) 

Severe Combined 

Immunodeficiency 

Autologous CD34+ enriched cell fraction that 

contains CD34+ cells transduced with retroviral 

vector that encodes for the human adenosine 

deaminase (ADA) cDNA sequence from human 

haematopoietic stem/progenitor (CD34+) cells 

2016 Zalmoxis MolMed GVH Disease 

Hematopoietic 

Stem Cell 

Transplantation 

Allogeneic T cells genetically modified with a 

retroviral vector encoding for a truncated form of the 

human low affinity nerve growth factor receptor 

(ΔLNGFR) and the herpes simplex I virus thymidine 

kinase (HSV-TK Mut2) 

2015 Holoclar Chiesi Corneal Diseases  

Stemm cell 

transplantation 

Ex vivo expanded autologous human corneal 

epithelial cells containing stem cells 

 

2015 Imlygic Amgen Unresectable 

metastatic 

melanoma 

An oncolytic virus derived from HSV-1 modified to 

replicate within tumours and to produce the immune 

stimulatory protein human GM-CSF,  which 

promotes a systemic anti-tumour immune response 

and an effector T-cell response 
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Orphan Drugs 

• The 5 most expensive drugs in the world are orphan drugs 

• 25-25 millions rare disease patients in the US 

• Is the bill affordable? 
JACC 62:2185,2013 
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With the possible exception of small peptides, the concept of 
generics cannot be extrapolated to biopharmaceuticals product 

 
Biosimilar  

Follow-on biologic 
 

“a medicine which is similar to a biological medicine that has 
already been authorized” 

Biosimilars 


